Objective. To implement an audience response system (ARS) to improve student motivation and attention during lectures and provide immediate feedback to the instructor concerning student understanding of lecture content in a Physiological Chemistry/Molecular Biology course. Design. Students used ARS devices to respond to strategically placed questions throughout physiological chemistry/molecular biology lectures. The instructor inserted 6 to 7 questions that promoted student/class interactivity into each of several 50-minute lectures to focus students' attention and provide feedback on students' comprehension of material. Assessment. Ninety-eight percent of first-year pharmacy (P1) students (n 5 109) reported that strategically placed ARS questions throughout lectures helped them maintain attention. Reports from an independent focus group indicated that students favored this strategy. Furthermore, ARS feedback helped the instructor gauge student comprehension and adjust lectures accordingly. Conclusions. Focused, strategically placed ARS questions throughout lectures may help students maintain attention and stay motivated to learn. Feedback from these questions also allows instructors to adapt lectures to address areas of deficiency.
INTRODUCTION
The physiological chemistry/molecular biology sequence at the University of Kentucky College of Pharmacy is taught over 2 semesters to approximately 130 first-year (P1) pharmacy students. Physiological Chemistry and Molecular Biology I in the fall semester covers fundamentals such as acid/base theories, basic thermodynamics, and physiological macromolecules (DNA, RNA, proteins, membranes, lipids) and their processes (catalysis, enzyme kinetics, membrane transport, DNA metabolism, gene expression, translation of protein, and pharmacogenomics). Physiological Chemistry and Molecular Biology II content includes fuel metabolism; physiological energy provision; and biosynthesis of fuel metabolism relevant biomolecules such as sugars, fats, amino acids, and peptides; as well as diseases in context with fuel metabolism and the drugs used to treat such diseases. Although the second course is accompanied by and synchronized with a physiology course, students perceived it as difficult. Mean course evaluation ratings for the 2 years prior to the introduction of ARS were 2.4 on a 4-point scale, which were below the College mean. At one point, failure rates for this course were the highest in the College's curriculum. We hypothesized that this may have been due in part to (1) the complex and difficult material, (2) the lack of students' background knowledge in both organic chemistry and general biochemistry, and (3) a lack of motivation to learn, pay attention in class, and/or attend class among the majority of students.
Instructors observed that many students, after only a few lectures, were failing to comprehend much of the lecture material. These didactic lectures were delivered via PowerPoint and distributed as black-and-white handouts. Many students appeared to focus too much on details instead of trying to see the ''big picture.'' Noise in the classroom grew as students apparently became ''lost'' and increasingly inattentive during the lectures. These distractions negatively affected the course and class attendance declined by as much as 25%.
Changes in instructional strategies were needed to (1) capture and maintain student attention throughout the lecture, (2) monitor progress in student comprehension of material so that deficiencies could be addressed as they occurred, and (3) improve grades and student satisfaction. Our strategy change for Physiological Chemistry and Molecular Biology II was to use an ARS.
Audience response systems are receiving increased attention as a tool to aid faculty members in engaging and increasing interactivity with students.
1 These technology-based systems-also known as ''clickers,'' student response systems, group response systems, and a bevy of other terms-allow instructors to pose questions to students and receive immediate feedback. 2 An ARS consists of visual presentation software, remote input devices (handheld keypads, cell phones, or mobile computers equipped with special software) for students, and a wireless receiver connected to a computer. An instructor presents a question to students who respond by selecting the answer on their input device. The instructor immediately sees the results and can choose whether to reveal answers to students. 2 Positive aspects of ARS use, as reported in published research, have included increased learning, interactivity, attendance, and enjoyment; potential drawbacks have included costs to students, technical issues, and decreased lecture coverage. 1, 3 Pharmacy educators have reported that students in ARS lectures scored significantly higher on examinations, performed better on analytical questions, and found greater satisfaction with their classroom experience than did students from traditional lecture sections. 4 Instructors covered less material during ARS lectures, but perceived that the ARS enhanced learning. 4 Most participants in an anticoagulation guide session agreed that ARS utilization increased their involvement in the presentation and understanding of its content. 5 Students and instructors in a dual-campus environment found that an ARS increased active learning, revealed student comprehension, and helped instructors identify course concepts that students misunderstood. 6 Issues with ARS usage have included faculty members' concerns regarding academic integrity and students' concerns over technical issues that could negatively affect grades. An ARS also has been found useful for recording attendance, engaging students in lectures, and collecting anonymous feedback for presenters in a seminar course. 7 Studies by educators in other health professions have shown similar results. ARS usage has been linked to higher learning gains than traditional lectures, perceived as a beneficial learning tool, and identified as a potential tool for improving classroom attention of continuing medical education (CME) participants. [8] [9] [10] [11] Other cited benefits of ARS utilization include perceived learning gains by students and higher CME lecture ratings. 12, 13 The success of an ARS, as with any other instructional technology, relies primarily on the instructional strategy used.
14 How the technology is used is more important than the technology itself. Further research has been solicited for ARS strategies addressing specific outcomes such as increasing student and instructor interaction, student satisfaction with instruction, classroom participation, and learning. 1, 2, 5, 6 This study adds to that needed literature base.
This manuscript documents an instructional strategy using an ARS to maintain student attention during lectures and provide instructors with formative feedback on students' comprehension of lecture content. We describe the instructional strategy, the methods for assessing the strategy's success, and the results of those assessment methods, and provide a brief discussion on the widespread potential of this strategy.
DESIGN
A TurningPoint (Turning Technologies, Youngstown, OH) ARS was used during each of the first 28 lectures in Physiological Chemistry and Molecular Biology II. The instructor for the last 14 lectures of the semester elected not to use an ARS. As part of this second course in the biochemistry sequence, students were required to purchase handheld responders, available in the university bookstore for about $35 each. The instructional strategy in the lecture portion of the course was to use an ARS to pose questions to students on key concepts presented in the lectures.
The instructor inserted 6 to 7 ARS questions into the delivery of the lecture. As an incentive, students could earn bonus points based on the percentage of overall correct responses. Students could use their books and notes to answer questions, but were under a time limit varying between 1 and 2 minutes per question. The instructor adjusted the lecture according to how students responded to the questions, which were designed to test both fundamental knowledge and complicated concepts. Two types of questions were asked in equal proportions, silver and gold. The students had to answer ''silver'' questions on their own, with no help from classmates, but could collaborate on ''gold'' questions. To earn bonus points, 80% of the class had to answer a silver question correctly, 90% a gold question. All participating students received bonus points provided the class as a whole met or exceeded those thresholds. Thirteen bonus points were possible through participation in the ARS sessions. Available bonus points (approximately 5% of the grade) earned throughout the course equaled the amount available when the course was offered in previous semesters. Therefore, with regard to bonus points, students in this course did not have an advantage over students from previous semesters.
The instructor immediately discussed the results of each ARS question with the class. Topic discussion time was only marginally longer than in previous semesters. Immediate feedback from students via the ARS helped the American Journal of Pharmaceutical Education 2009; 73 (2) Article 21.
instructor allocate more time to those topics students did not understand. Time spent on discussions varied according to topic complexity. ARS was added based on studies showing that changing how a lecture is delivered can stimulate students' attention. 15 Posing periodic questions via an ARS changes the typical lecture routine by shifting focus from the instructor and providing a brief break in content presentation, compelling students to interact with the material and provide formative feedback to both instructor and students. 16 In this study, the instructor used results from ARS questions to gauge student comprehension, adjust the direction of the lecture accordingly, and spend more time on topics that students were having difficulty understanding. Figures 1 and 2 contain screen captures of typical ARS questions and corresponding results. This strategy served a dual purpose of maintaining student attention and providing the instructor with immediate feedback on student understanding.
Assessment Methods
This instructional strategy was assessed through a quadrangular approach consisting of an in-class student questionnaire, student-liaison focus group comments, course/instructor evaluations, and grade comparisons from previous semesters. Institutional Review Board exempt approval was obtained in order to publish results of this formative curricular assessment.
A 12-item questionnaire was delivered near the end of the course to students via a TurningPoint ARS. Eight of those questions related to ARS usage and pertained to students' preferences and perceptions of the instructional strategy.
Feedback from a P1 student-liaison focus group supplemented the questionnaire results. The liaison group consisted of 12 randomly chosen students who met twice per semester to review the effectiveness of their courses and provide formative feedback to instructors on ''what is working well'' and ''what is hindering student learning.'' An independent facilitator directed the meetings and provided written session summaries to course directors.
End-of-semester course and instructor evaluations were also analyzed to help determine whether the ARS strategy had any effect on student perceptions of the course and instructor. We reviewed 3 years of data from Physiological Chemistry and Molecular Biology II, and compared course evaluations with those from the previous semester's Physiological Chemistry and Molecular Biology I course. We also compared course grades from the semester with those from previous years, as well as with grades in the Physiological Chemistry and Molecular Biology I course taught the previous semester.
ASSESSMENT
This instructional strategy was assessed through (1) student questionnaires, (2) student-liaison focus group reports, (3) course/instructor evaluations, and (4) grade comparisons. Instructor self-reflections were also considered to provide further clarification of outcomes associated with this strategy.
Student Questionnaire Results
Students (n 5 111) in Physiological Chemistry and Molecular Biology II completed an ARS-administered questionnaire related to aspects of ARS usage in the course. Sixteen students did not complete the questionnaire, resulting in an 87% completion rate. Table 1 contains a detailed breakdown of the most pertinent items on the questionnaire. Overall, students commented favorably on ARS use in the course. All respondents (n 5 111) preferred ARS-integrated lectures to those that did not use an ARS. Most students (93%, n 5 103) preferred the course with an ARS component over the first course in the series, which had no ARS component. As a reason for this preference, 74% (n 5 81) cited the ARS strategy as a major contributing factor, and an additional 9% (n 5 10) named the ARS as the sole factor.
Almost every student (n 5 110) responded that ARS usage periodically throughout a class lecture helped them maintain attention, and 98% (n 5 109) felt discussions stemming from the ARS question-and-answer method were beneficial. A majority of students (n 5 85) also agreed that the ARS question-and-answer method should be incorporated into all course lectures. In terms of the strategy of extra credit and ARS usage, 42% (n 5 47) preferred the ARS regardless of extra credit, while 58% (n 5 64) preferred the ARS only when extra credit was offered. Eighty-two percent (n 5 91) of students cited the cost (approximately $35 per student) of the handheld responders as the only significant negative aspect of using the ARS.
Student-Liaison Group Results
Student-liaison focus group reports also contained favorable remarks on the ARS strategy. A facilitator provided a summary of discussions regarding the different courses and noted that the ARS strategy used in the Physiological Chemistry and Molecular Biology II course was well received. Students in the liaison group commented on how the strategy benefitted them in learning the lecture content.
Course Evaluation Results
Following grade submission, students (n 5 127) in the Physiological Chemistry and Molecular Biology II class evaluated the course and instructors through CourseEval (Academic Management Systems, Amherst, NY), an online survey/evaluation tool. The evaluation results were much more positive than in previous years before the ARS strategy was implemented. The overall course rating was 3.3 on a 4-point scale, compared to 2.4 in the 2 previous years. Of 96 positive free-text comments about the course, 48 mentioned the ARS.
On faculty evaluations, the instructor who taught most of the classes and used the ARS strategy received an overall rating of 3.5 on a 4-point scale, compared with ratings of 2.6 and 2.7 the previous years. Of 114 positive free-text comments on the instructor, 69 referred to the ARS strategy as a positive aspect of the teaching methods. Table 2 contains a selection of course/instructor evaluation comments on the ARS strategy.
Evaluation comparisons with Physiological Chemistry and Molecular Biology I were favorable. Although the primary instructors in each of the courses received equivalent instructor ratings, Physiological Chemistry and Molecular Biology II (which used the ARS strategy) received the higher course rating (3.3 compared to 2.8). In previous years when an ARS was not used, the courses received comparable ratings between 2.4 and 2.8.
Grade Comparisons
An analysis of Physiological Chemistry and Molecular Biology II course grades over the past 3 years indicated that students enrolled in the 2008 course (which used Table 4 contains a comparison of letter grade allocations for Physiological Chemistry and Molecular Biology I and II. The limitation of the grades analysis was that this was not a controlled experimental study and no definite conclusion can be drawn on the ARS strategy effects. However, when combined with questionnaire and focus group results, the higher grades in this semester's course suggest that the instructional strategy contributed to a positive effect on student grades.
Instructor Self-Reflections
From the instructor viewpoint, the ARS helped to optimize the pace of lectures and clarify points that students misunderstood. The strategically placed ARS questions gave students a break from the lecture delivery and time to reflect on lecture content. If student answers revealed lack of comprehension on a certain topic or subtopic, the instructor could address the difficulties immediately through classroom discussion. Furthermore, class time was not wasted on topics or concepts already understood by more than 90% of the class. Classroom attendance near the end of the ARS modules ranged between 98% and 100%, marking an improvement from previous semesters when approximately 25% of the students were absent during lectures. Relationships between students and teachers seemed to improve because of the ARS strategy, as reflected by students' answers on the questionnaire, comments from the liaison groups, and end-of-semester course evaluations. The instructor was pleased with the ARS strategy and its resulting improvements to classroom attention, attendance, learning, course grades, and end-of-semester course and instructor evaluations.
Resources Utilized
The successful implementation of this teaching method required collaboration and coordination in the College. Technical staff members were needed to install the ARS software on classroom and instructor computers. A TurningPoint ARS receiver was purchased for $99 and installed on the classroom instructor computer. The 
Comments
Comments From Course Evaluations I really liked the ARS system that was used during class. It really helped to keep the full attention of the class and helped the students review the material! Clicker use in Rohr's class was extremely helpful, both in paying attention and making sure I understood the material. The interactive clicker devices really make me feel engaged and cause me to pay attention.
Comments From Instructor Evaluations
The use of clickers is very helpful and allows students to gauge how they are doing as the topics progress. I really liked the use of the clickers during this course. I found that it helped me stay focused and tested my learning as we went. I also found it interesting that the more slides between questions the more I got confused. I thought the clickers were a very beneficial addition to Dr. Rohr's lecturing. They helped to reinforce what he was teaching, and present the material in a different way. His use of the interactive remote devices really keeps the class paying attention and keeping up.
Abbreviations: ARS 5 audience response system. 
DISCUSSION
This study documented the success of using a specific ARS strategy to increase student attention during lectures and provide the instructor with feedback. The study provides further information on specific outcomes and student perception of/satisfaction with using an ARS in the classroom, as proposed by several researchers. 1, 5, 6, 17 In particular, responses on the student questionnaire indicated that the ARS strategy helped maintain their attention and provided a perceived benefit to learning. Course/ instructor evaluation scores and positive comments attributed to the ARS strategy show that this instructional strategy was well received by students. The positive reception is consistent with prior research on the use of an ARS with continuing medical education participants. 13 A main reason for adopting this instructional strategy was to increase student motivation to attend class and actively engage in the lectures. Instructor behavior (ie, effective instructional strategies) has been cited as a determinant of student motivation to attend class. 18 A causeeffect relationship cannot be implied from this study; however, questionnaire results, course/instructor ratings, student-liaison reports, and attendance records point to a positive acceptance of this strategy as a way to engage students and possibly motivate them to attend class.
Decreased lecture coverage due to time needed to collect answers is one potential negative aspect of ARS use. 3, 11 While this study did not directly measure classroom time spent with the ARS, the instructor noted that this strategy had only a nominal effect on lecture time. In previous semesters without the ARS, the instructor still allocated time for questions and discussions on difficult topics. The ARS provided feedback to both the instructor and students, allowing focused discussion only on those topics that students misunderstood the most. Although using the ARS required a few more minutes of lecture presentation, time spent discussing the results may have been more effective at addressing students' learning needs.
Additional costs to students for purchase of the handheld responders (clickers) has been cited as a drawback of adopting an ARS for the classroom. 3 Students in this study reported that the cost of the responders was the most negative aspect of ARS use in the course. However, as the ARS use increases throughout the College and students are able to use the responders in subsequent courses, we believe students will recognize its value.
Austin and Gregory reported that basic science courses are receiving less emphasis in clinical programs, and as a result, pharmacy students may not appreciate their importance/relevance to all subsequent courses and ultimately to pharmacy practice. 19 Clinical courses have introduced innovative pedagogies to motivate students and animate learning while most science courses remain strongly didactic, uninteresting, and of poor quality. 19 Although these challenges may exist for basic science courses, we found that our ARS strategy improved student motivation to participate and excel. This further illustrates the usefulness of this strategy.
While using the ARS strategy in Physiological Chemistry and Molecular Biology II, classroom attendance improved, course grades increased, and course/instructor ratings improved. One unanswered question from this study is ''Did the ARS strategy directly or indirectly affect the final grades and improve course/instructor ratings?'' It is unclear whether the ARS strategy in itself improved student learning and hence improved grades and course/ instructor ratings. Another possible explanation is that the strategy motivated students to attend class, which ultimately helped them perform better in the course and subsequently provide better course/instructor ratings. Further studies are needed to establish the direct and indirect effects of the ARS strategy on student grades and course/instructor evaluations. Positive feedback about using an ARS in the Physiological Chemistry and Molecular Biology II course in spring 2008 encouraged the authors to integrate this strategy into all sections of the course, as well as into other pharmacy lectures. Several courses are team-taught, which will require further coordination (eg, general request to future incoming students to purchase ARS responders) and a more general acceptance by other teaching colleagues of the ARS. Future revisions to this strategy include slight modifications such as (1) allowing individual extra credit for a small percentage of the ARS questions, as preferred by many students, and (2) designing some of the ARS questions as individual response, followed by peer discussion and reassessment. 20 Overall, this has been a valuable innovation for the course, and we will expand this strategy in the future.
SUMMARY
An audience response system was added to a Physiological Chemistry/Molecular Biology Course to improve student motivation and attention during lectures and provide immediate feedback to the instructor concerning student understanding of lecture content. According to student feedback, asking periodic questions throughout lectures via the ARS achieved its goal. Students also indicated that this strategy helped them learn lecture material more effectively. A secondary benefit of using the ARS was real-time, accurate feedback to the instructor with regard to student comprehension of lecture material. Student grades for the course were significantly higher than grades for previous courses in which the ARS was not used. Finally, course and instructor evaluations improved from previous semesters. We will continue to use, evaluate, and improve upon this instructional strategy.
